MASIMO. 1 86A PATENT 
SYSTEM FOR DETECTING INJECTION MOLDING MATERIAL 

Background of the Invention 

5 Field of the Invention 

The present invention relates in general to encapsulation using optically clear 
compounds, and more particularly to processes such as pour molding, transfer molding, 
casting, and injection molding. 
Background 

10 Injection molding is a widely used manufacturing process. In general, the 

process begins with the injection of a molten stock material, typically a thermoplastic or 
thermosetting, resin, into a mold having several pieces. After the stock material is 
injected into the mold, it is allowed to cure, and the pieces of the mold are separated to 
release the product. 

15 The process can be repeated to produce a plurality of instances of the desired 

product. To repeat the process, the completed product is removed from the mold, and 
any remaining stock material is removed from the pieces of the mold. The pieces of the 
mold are then reassembled, and the molten stock material is again injected into the 
mold. 

20 Occasionally, a transparent stock material is used in an injection molding 

process. When using a transparent stock material, it can be difficult to detect and 
remove the remaining stock material when the pieces of the mold are separated at the 
end of the process. If the pieces of the mold are not fully cleaned before the mold is re- 
used, the remaining stock material can create flaws in subsequent instances of the 

25 desired product. 

In addition, injection molded products are often inspected for flaws using optical 
inspection equipment. When the injection molded products are transparent, it can be 
difficult for the inspection equipment to detect flaws in the products. If the inspection 
equipment fails to detect a flaw in an injection molded product, then the product may 

30 malfunction during use. 



Summary of the Invention 
One aspect of the present invention involves a system for detecting a normally 
transparent injection molding material. According to the present invention, the injection 
molding material contains a fluorescent colorant, which is invisible when not exposed to 
5 ultraviolet light, but becomes visible when exposed to ultraviolet light. The method 
comprises exposing the injection molding material to ultraviolet light. The system 
involves an ultraviolet light to expose the colorant. 

Another aspect of the present invention involves a method of cleaning an 
injection molding material from an injection mold and removing the material upon 
10 detection. The method involves exposing the mold having injection molding material 
containing a fluorescent compound to ultraviolet light and removing the material upon 
detection through the fluorescent colorant. 

Another aspect of the present invention involves a method of inspecting a 
substantially transparent product with an optical instrument, the method comprising 
1 5 incorporating the product with fluorescent colorant and exposing the product to 
ultraviolet light. 

Certain aspects, advantages and features of the present invention are described in 
the specific embodiment. Not necessarily all such advantages may be achieved in 
accordance with any particular embodiment of the invention. The invention may be 
20 embodied or carried out in a manner that achieves one advantage or group of advantages 
without necessarily achieving other advantages. 



Brief Description of the Drawings 
These and other aspects, advantages, and novel features of the invention are 
25 apparent upon reading the following detailed description and upon reference to the 
accompanying drawings. The present invention is described in more detail below in 
connection with the attached drawings, in which: 

Figure 1A illustrates a cross-sectional view of an injection mold used in one 
embodiment of the present invention. 
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t 

Figure IB illustrates a top view of the lower piece of the injection mold illustrated 
in Figure 1A. 

Figure 2 illustrates a cross-sectional view of the injection mold illustrated in 
Figure 1A after use. 

5 Figure 3 illustrates a product made in accordance with one embodiment of the 

present invention undergoing an inspection procedure. 

Detailed Description of a Preferred Embodiment 
Figure 1A illustrates a cross-sectional view of an injection mold 100 used in one 
10 embodiment of the present invention. The injection mold 100 of the illustrated 
embodiment comprises an upper piece 102a and a lower piece 102b. 

Figure IB illustrates a top view of the lower piece 102b of the injection mold 100. 
In the illustrated embodiment, the lower piece 102b comprises a plurality of nozzles 108 
and a corresponding plurality of gates 110. 
15 When aligned along a separation line 104, the upper and lower pieces 102a and 

102b of the injection mold 100 form a main runner 105, an annular runner 106, and a 
cavity 1 12. The main runner 105 extends from the outside of the injection mold 100 to the 
annular runner 106. The annular runner 106 provides an interface between the main 
runner 105 and the nozzles 108 and corresponding gates 110 of the lower piece 102b. The 
20 gates 1 10 extend from the nozzles 108 into the cavity 112. 

In operation, a molten stock material is injected into the main runner 105. The 
stock material comprises any suitable injection molding material that is substantially 
transparent. Furthermore, the substantially transparent stock material contains a 
fluorescent colorant, which is substantially invisible to the eye when not exposed to 
25 ultraviolet light, but becomes visible to the eye when exposed to ultraviolet light. 

After being injected into the main runner 105, the molten stock material flows into 
the annular runner 106, where it is distributed to the nozzles 108. The gates 1 10 are then 
opened, thereby injecting the molten stock material into the cavity 1 12. The molten stock 
material is then allowed to cool. The upper and lower pieces 102a and 102b of the 
30 injection mold 100 are then separated to release the desired product. 



Figure 2 illustrates the injection mold 100 after the upper and lower pieces 102a 
and 102b have been separated to release the product 202. In the illustrated embodiment, 
the product 202 comprises a ball. In other embodiments, the product 202 is any product 
that can be manufactured using any stock material. 
5 After the upper and lower pieces 102a and 102b of the injection mold 100 are 

separated, the product 202 is removed from the injection mold 100. As illustrated in 
Figure 2, remnants 204 of the stock material may remain attached to the injection mold 
100 after the product 202 is removed. 

Before the injection mold 100 is used again, any remnants 204 of the stock 

10 material are removed from the injection mold 100. Because the stock material may be a 
transparent material, remnants 204 of the stock material can be difficult to detect in the 
injection mold 100. In the present invention, the upper and lower pieces 102a and 102b of 
the injection mold 100 are exposed to ultraviolet light, thereby causing the fluorescent 
colorant in the stock material to become visible to the eye or to automated optical 

15 inspection equipment. An ultraviolet light 109 is activated to expose the fluorescent 
colorant. Accordingly, remnants 204 of the stock material remaining in the injection mold 
100 can be detected and removed more easily. 

After the remnants 204 of the stock material are removed from the mold 100, the 
upper and lower pieces 102a and 102b of the mold 100 are realigned and reassembled 

20 along separation line 104. The injection molding process may then be repeated to 
manufacture a plurality of instances of the product 202. 

Figure 3 illustrates a inspection system 300, in accordance with one embodiment 
of the present invention. The inspection system 300 comprises an inspection device 302 
and a product 202. The inspection device 302 may comprise any suitable optical 

25 inspection device used to inspect molded products. The product 202 may comprise any 
suitable product that is can be manufactured using a molding process. The product 202 
contains a fluorescent colorant, which is substantially invisible to the inspection device 
302 when not exposed to ultraviolet light, but becomes visible to the inspection device 
302 when exposed to ultraviolet light. 



-4- 



In use, the inspection device 302 inspects the product 202 for flaws. Such 
inspection systems are well known in the art. Because the product 202 may be 
transparent, it can be difficult for the inspection device 302 to detect flaws in the product 
202. Therefore, the product 202 is exposed to ultraviolet light while being inspected, 
5 thereby causing the fluorescent colorant in the product 202 to become more visible to the 
inspection device 302. In the present embodiment, the inspection device 302 is 
configured to be responsive to the fluorescent colorant in the product 202 to perform its 
inspection operations. Accordingly, the inspection device 302 can detect flaws in the 
product 202 more easily. 
10 Although the foregoing invention has been described in terms of certain preferred 

embodiments, other embodiments will become apparent to those of ordinary skill in the 
art in view of the disclosure herein. Accordingly, the present invention is not intended to 
be limited by the recitation of preferred embodiments, but is intended to be defined solely 
by reference to the appended claims. 
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